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a b s t r a c t
Pockets created in the prepectoral subcutaneous space in electrophysiology laboratories for the
implantation of a cardiac implantable electrical device (CIED) have several advantages; however, lean
or small subjects are thought to cause pocket erosion. To minimize such traumatic pocket complications,
prepectoral subfascial implantation has been employed since the early 1990s. In this paper, we introduce
a method for prepectoral subfascial pocket creation.
& 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction
In recent years, the development of transvenous electrodes and
downsized generators has permitted electrophysiologists to implant
cardiac implantable electrical devices (CIEDs), including high vol-
tage devices such as implantable cardioverter-deﬁbrillators or
cardiac resynchronization therapy devices with deﬁbrillators, using
techniques similar to those employed for the insertion of perma-
nent pacemakers [1–5]. Implantation of CIEDs by cardiologists in
electrophysiology laboratories has several advantages such as sup-
port by a specialized staff and availability of appropriate monitoring
and radiological equipment. CIEDs can be implanted in pockets created
in the prepectoral subcutaneous space. However, subcutaneous pocket
creation for lean or small objects thought to lead to pocket erosion,
especially in Japanese individuals, beneath the major pectoralis muscle
has been recommended [6–8]. Because the creation of such pockets
requires deep dissection, traumatic injury of small vessels or nerves,
accidental bleeding, or postoperative hematoma may occur. Further,
hematomas within the pockets, complicating CIED placement, have
been identiﬁed as risk factors for pocket infections and have been
associated with CIED replacement [9]. Thus, it is desirable to prevent
hematoma formation during the procedure.
To minimize traumatic pocket complications, prepectoral sub-
fascial implantation has been employed mainly for large devices
since the early 1990s [10]. However, there are few data to support
this method of implantation. Because we also employ this
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procedure at our institute, we introduce our method for prepec-
toral subfascial pocket creation in the present study.
2. Materials and methods
2.1. Procedure
2.1.1. Incision
A poorly made incision can interfere with venous access,
making pocket creation difﬁcult, potentially leading to a poor
cosmetic result. We usually employed the “horizontal” or “obli-
que” incision line. For the “horizontal” incision, the cut was made
starting approximately 1–2 cm below the junction of the middle
and lateral thirds of the clavicle, extending laterally to cross
the deltopectoral groove by approximately 1 cm. The “oblique”
incision was made parallel and approximately 1–2 cm below
the lateral third of the clavicle. The total length of the incision
(4–5 cm) varies depending on the size of the device and thickness
of the subcutaneous layer (a longer incision is required for thicker
tissue). Tracing the shape of the entire pocket and incision line
before starting the procedure was useful to perform the operation
and avoid inappropriate skin pressure from the device (Fig. 1).
A local anesthetic was inﬁltrated along the length of the
intended incision as well as more deeply and slightly medially in
preparation for the device pocket creation. Although guidelines
suggest a maximum dose of 3 mg/kg of 1% lidocaine (e.g., in a
50 kg person, this equals to 15 mL) to prevent chemical addiction,
a higher dose may be needed to induce adequate anesthesia. We
used diluted lidocaine for the prevention of addiction.
2.1.2. Pocket
For the successful creation of a prepectoral subfascial pocket, an
understanding of the fascial structure is essential. A fascia is a layer
of connective tissue that surrounds muscles, muscle groups, blood
vessels, and nerves, binding some structures together while
allowing others to slide smoothly over each other. Therefore, fascia
and muscle are not adhered ﬁrmly. Instead, loose connective tissue
lies in between. According to the American and British anatomical
classiﬁcations, fasciae are categorized based on their distinct
layers, functions, and anatomical location: superﬁcial, deep (or
muscle), and visceral (or parietal) fascia. According to the Japanese
and German classiﬁcations, fascia is deﬁned as deep (or muscle)
fascia. Therefore, the “pectoral fascia” is considered deep fascia.
Deep fascia (or muscle fascia) is a layer of ﬁbrous connective tissue
that surrounds individual muscles, and also separates groups of
muscles into compartments. The high density of collagen ﬁbers is
responsible for the strength and integrity of the deep fascia. The
elastin ﬁber density in the fascia determines its extensibility and
resilience.
After dissecting subcutaneous tissue (or superﬁcial fascia in the
American classiﬁcation), deep fascia was identiﬁed because of its
different texture. At ﬁrst, the fascial incision, approximately 1 cm
long, was made in the center of the wound. Then, the incision line
was extended toward both edges of the incision parallel to the skin
incision line. The surgeon grasped the caudal edge of the fascia so
that the fascia was turned over, raised it using two or more small
forceps, and held it in this position. Then the entire muscle was
separated from the fascia using ﬁngers (or an electrical knife, if
access with ﬁngers became difﬁcult) by gently spreading the tissue
apart medially and caudally along the skin mark. Thus, the pocket
was created simply by separating the fascia and muscle
(Figs. 2 and 3). The cranial edge of the fascia was also exfoliated
to approximately 0.5–1 cm so that it adhered easily.
After lead placement and control of bleeding, the pocket was
ﬂushed with enough hypothermal normal saline. The fascia was
ﬁrst closed with a continuous absorbable suture (e.g., 3-0 vicryl),
followed by subcutaneous tissue. Finally, the skin was closed
intradermally with a straight absorbable suture (e.g., 4-0 poly-
dioxanone suture). After skin closure was complete, steri-strips
were applied and the wound was covered with gauze. The
bandage was not removed until 48 h after the procedure, after
which the patients were allowed to shower. The steri-strips were
removed when bathing was permitted, and the site could be
washed.
3. Discussion
For those patients with inadequate subcutaneous tissue for
satisfactory closure, creation of deep pockets beneath the major
pectoralis muscle has been recommended to avoid pocket erosion.
However, because intra- or submuscular pockets are associated
with risks of structural trauma or bleeding, an alternative easier
method is needed. The current leading method consists of sub-
cutaneous pocket creation directly over the fascia [11]. In this
method, the operator must ﬁnd the proper plane between the
Fig. 1. [Marking] Before making the skin incision, the shape of the pocket should be
traced. This is useful to avoid inappropriate skin pressure from the device.
Skin
Subcutaneous fat
(Deep) fascia
(Pectoral) muscle
Small forceps
Fig. 2. By grasping and holding the caudal edge of the fascia using forceps (dotted
arrow) so that the fascia is turned over and elevated, it is easier to separate it from
the major pectoralis muscle using ﬁngers or an electrical knife if access with ﬁngers
becomes difﬁcult. The tissues are gently spread apart medially and caudally along
the skin mark. The solid arrows point to the correct layer.
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fascia and subcutaneous fat. In some patients, an incision within
the subcutaneous fat or between the skin and subcutaneous fat
will not be much more difﬁcult than in the accurate plane.
Inexperienced operators who do not identify the correct insertion
plane, may create the pocket incorrectly and perpetuate the error
by inserting the device. A subcuticular plane created by sharp
dissection leads to device implantation between the skin and its
subcutaneous fat. Although not easily created, this plane results
from detachment of the skin from its fat. Consequently, device
insertion in the subcuticular rather than the subcutaneous space
results in chronic pain.
In contrast, the prepectoral subfascial pocket is simple and less
traumatic for CIED implantation because both the fascia (i.e., deep
fascia by the American classiﬁcation) and muscle tissue can be
located easily during the procedure. Even in a patient with a thin
fatty layer, the prepectoral subfascial space allows comfortable
implantation, whereas the subcuticular and subcutaneous spaces
do not. If subcuticular or subcutaneous placement results in pain,
the site of erroneous pacemaker placement should be reopened,
and the pulse generator removed and repositioned in the proper
plane. This results in prompt pain relief.
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